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ABSTRACT 



Interference on a differential signal received at a first input 
to a digital data system processor is minimised or cancelled 
by summing a weighted portion of a local field signal with 
the differential signal. The local field signal may be a 
common-mode signal from the same line as the differential 
signal received at a second input. Weight may be a complex 
weight which shifts the local field signal in amplitude and 
phase. A weight control signal is derived from a comparison 
processor which compares the processed outputs of signal 
processors. Signal processors are preferably Discrete Multi- 
tone processors. Several iterations of this technique may be 
performed to establish an accurate weighting value. 

15 Claims, 5 Drawing Sheets 
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INTERFERENCE REDUCTION IN 
TELECOMMUNICATIONS SYSTEMS 

TECHNICAL FIELD 

This invention relates to telecommunications systems and 
particularly, but not exclusively, to reducing interference 
when transmitting data signals over a subscriber loop. 

BACKGROUND OF THE INVENTION 

Public telecommunications networks were originally 
developed to provide voice communications between sub- 
scriber terminals. In recent years traditional wire has been 
replaced by fibre optics for long distance communications. 
With the expansion of such networks from the traditional 
telephone or POTS service into the provision of a variety of 
digital services, there is now a need to provide improved 
subscriber access to the network. Presently data traffic 
operates at frequencies below 5 KHz. Increasing amounts of 
data traffic are beginning to saturate the available channels 
and higher operating frequencies are required to handle the 
increasing amounts of data, for example, to provide video- 
on-demand services, direct digital broadcasts, and high 
capacity links for computers. 

Typically subscribers are coupled to a telecommunica- 
tions network with a twisted pair wire loop commonly 
referred to as the subscriber loop. This twisted pair connects 
to a node associated with an optical distribution network 
which can be some 1000 m away from the subscriber. Such 
an arrangement is depicted in FIG. 1. The first 950 m or so 
of cabling 12 from a junction box 10 is carried underground 
by trunking containing many twisted pairs of underground 
feeders 14, and the final 50 m or so of wire from a 
distribution point 16 to a subscriber's installation is nor- 
mally above ground and consists of an individual twisted 
pair 18 to each house 20. Thus, for the last length of cable, 
the wires are ordinary telephone wires. If a subscriber's 
equipment is located proximate to a source of radio 
interference, for example transmissions from a radio 
amateur, then signals can be picked up very strongly on the 
two wires. 

Typically, in twisted pair copper loop networks, signals 
are transmitted in differential mode; that is to say, the signals 
are transmitted along both wires and any Radio Frequency 
Interference (RFI) will be picked up by both wires approxi- 
mately equally with the wanted signal being determined by 
the differential signal between the two wires, at the receiver. 
Since high speed data is transmitted in this fashion, there 
should be no transmission problems in such an arrangement. 
However, there may be a certain amount of breakthrough 
between the common mode and the differential mode and 
although interference is predominantly received in common 
mode, some interference may leak through to the 
differential-mode. Differential interference signals may be 
up to 30 dB lower than the common mode interference 
signals, but this can cause problems if it is strong enough to 
distort the output of the associated analogue-to-digital 
converter, ADC, at the receiver in addition to providing an 
increase in the background interference, resulting in a cor- 
responding decrease in the output carrier-to-noise ratio, 
CNR. 

FIG. 2 shows a typical received signal and noise levels for 
a 1000 m copper loop shown in FIG. 1. There are two 
dominant types of ' noise* which will limit the available CNR 
across the band: White (W) noise at -140 dBm/Hz across the 
band and far end cross talk noise, FEXT, from other twisted 
pairs in the distribution cables. The costs of replacing these 
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loops with more efficient or higher bandwidth connections, 
e.g. a coaxial connection, is prohibitive and various tech- 
niques have therefore been proposed for providing effective 
digital communications data across the subscriber loop. 

5 In many countries radio transmissions are regulated in the 
1-10 MHz region. For instance, in the United Kingdom, 
amateur radio transmissions are allowed over the 1.81-2.0, 
3.5-3.8 and 7,0-7.1 MHz bands and these transmissions 
may be up to 400 W ERP from omnidirectional antennas 

10 using, for example, 2-3 KHz SSB modulation. Such allowed 
bands are known to couple onto the overhead telephone lines 
forming the last section of the copper loop. In the case of 
FIG. 1, the last 50 m of the copper loop to the subscriber. In 
this example, at this point in the transmission path, the signal 

15 will already have been attenuated by 950 m of underground 
cable and will therefore be very susceptible to interference. 
As discussed earlier, the interference will induce common 
mode voltages on the cable which will in turn appear as a 
differential voltage attenuated by the common mode rejec- 

20 tion ratio, CMRR, of the cable. A typical broadband CMRR 
figure is 30 dB for one of these cables. This type of 
interference is particularly noticeable on lines operating with 
discrete multitone DMT Modulation schemes which provide 
very asymmetric digital subscriber line, VADSL, services to 

25 subscribers. 

As a result of interference induced on a transmission line, 
it may be necessary to cease using channels which are 
corrupted by the interference, or alternatively to provide 
additional coding on the affected channels to better protect 

30 them from corruption. Both of these methods reduce the 
bandwidth which is available for the transmission of data. 

It is an object of the present invention to reduce the effects 
of interference and, in particular, the interference generated 
from sources such as amateur radio transmitters when 

35 

schemes such as Discrete Multitone Modulation are used on 
domestic telephone lines to provide digital services to sub- 
scribers. It is a further object of the present invention to 
protect data from corruption by interference without putting 
constraints on the bandwidth available on a transmision line. 

40 

SUMMARY OF THE INVENTION 

In accordance with the present invention there is provided 
a digital data system processor having a first input to receive 
45 a differential signal and a second input to receive a local field 
signal, the processor being arranged to: 

separately process the differential and local field signals; 
compare characteristics of the processed differential and 
local field signals to derive a weight control signal; 
50 set a weight according to the weight control signal; 

sum a weighted portion of the local field signal with the 
differential signal whereby to minimise or cancel interfer- 
ence in the differential signal. 

In accordance with another aspect of the invention, there 
55 is provided a digital data system processor comprising: 
a first input to receive a differential signal; 
a second input to receive a local field signal; 
a summer coupled to the first input; 
6Q a first signal processor coupled to an output of the summer 
for processing the differential signal; 

a second signal processor coupled to the second input for 
processing the local field signal; 

a comparison processor coupled to outputs of the first and 
65 second signal processors arranged to compare characteris- 
tics of the processed signals and to derive a weight control 
signal; and 
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a weight coupled between the second input and the DESCRIPTION OF PREFERRED 

summer and being responsive to the weight control signal, EMBODIMENTS 

whereby a weighted portion of the local field signal is RG 3 shQws a re esentation of a high speed data link 

summed with the differential signal to mmimise or cancel $uitable fof ^ transmission of both digital data (such as 

interference in the differential signal. 5 Very ^y^^ Digital Subscriber Loop, VADSL, 

In accordance with a further aspect of the invention, there schemes) and analogue data, according to an embodiment of 

is provided a method of reducing the effect of interference me invention. A broadcast centre 30 provides, for example, 

in a digital data processor which receives a differential signal a digital video-on-demand service; this data is modulated by 

at a first input and a local field signal at a second input, the a modulator 31 and transmitted through a high capacity 

method comprising: 10 transmission medium, such as an optical fibre network 32. 

separately processing the differential and local field sig- The optical fibres could support data links for hundreds of 

nals; video subscribers. Through various trunking arrangements a 

comparing characteristics of the processed differential fibre will terminate at a street-level junction box 33 which 

and local field signals to derive a weight control signal; ]5 may serve several subscribers. At this junction box there will 

setting a weight according to the weight control signal; 1 be a modulator to serve each subscriber; data will be 

summing a weighted portion of the local field signal with mod ^ b / these modulators onto twisted pair wire car- 

the differential signal whereby to minimise or cancel inter- ners 34. As described m relaUon to FIG. 1, these twisted pair 

ference in the differential signal. carr f ? be Erected through underground trunking , 35 

. . , until they are required to be supported by pylons and the like 

Preferably the comparison processor compares , ampli- 20 36when proximate t0 subscriber's premises 37. The twisted 

tudes and/or phase of the processed local field and differ- e tQ mc su5scriber > s ^ wil] be d 

ential signals. Preferably the companson processor corre- to demodulatioa means 38 rior t0 the data si ls bei 

lates the processed local field and differential signals. d tQ {q{ q& and modems fof ^ oQ 

Correlation techniques can use phase information to derive uter networking services and me like . Interference will 

an appropriate weight, even where limiting has corrupted 25 be pidced up by lfae paif& mQSt readUy during 

amplitude information. transmission from the pylon to the subscriber's premises. 

Hie weight is preferably a complex analogue weight Multitone modulation (DMT) is a form of mul- 
which will appropriately scale and phase shift the local field modulation which superposes several carrier- 
signal such that, when it is combined with the differential modulated waveforms to represent a bit st reara . The stan- 
signal, the resultant interferer is decreased. 30 ^ DMJ modulator ^ based Qn an Inverse Fast Fourier 

Preferably the differential and local field signals are Transform (IFFT) and the standard DMT demodulator is 

derived from a common transmission line, the local field based on a Fast p our j er Transform (FFT). One of the 

signal being a common-mode signal from the line. The problems with the demodulator is its susceptibility to narrow 

common-mode signal will almost entirely comprise inter- band mter f ere rs. In the DMT system all the sub-carriers are 

ference of the type affecting the differential-mode signal, orthogonal and are treated as independent carriers when 

thereby providing a good signal source, when appropriately dem odulated by the FFT. However, a narrow band interferer 

weighted, for cancelling the interference on the differential- ^ QOt be orthogonal and will be spread by the FFT into 

mode. many of the demodulated sub-carrier decoded channels, 

Preferably the signal processors each comprise a cascade causing a decreased CNR, even though the interferer may 

arrangement of an analogue-to -digital converter, and a Fast 0 nly be in one sub-carrier band. 

Fourier Transform decoder. pjG 4 illustrates the transmitted power spectrum of a 

BRIEF DESCRIPTION OF THE DRAWINGS multicarrier waveform. The multicarrier transmit signal is 

the sum of the independent sub-channels, each 01 equal 

In order to enable a greater understanding of the invention 45 bandwidth and with centre frequency F f ; where i»l . . . 

to be attained, reference will now be made, by way of Ns=number of sub-channels. Each of the sub-channels could 

example, to the figures as shown in the accompanying be a QAM modulated signal. 

drawing sheets, wherein: A bas i c dmT modulator is shown in FIG. 5 and comprises 

FIG. 1 shows a twisted pair copper loop which connects an m p U t bit stream buffer, an inverse fast Fourier transform 

a node associated with an optical distribution network to a 50 unit, a serial formatting unit, a digital-to-analogue converter 

subscriber; and an output low pass filter (LPF). In such an arrangement, 

FIG. 2 shows the received signal and noise levels for the an input bit stream of data rate R bps is buffered into blocks 

1000 m copper loop shown in FIG. 1; of J b bits by the buffer, where T b is the total no of input bits 

FIG. 3 shows a high-capacity telecommunications system per modulator symbol. T b is given by the product of the data 

for delivering services to a subscriber; 55 rate and the symbol period (T) of the DMT modulator. These 

FIG. 4 shows the transmitted power spectrum of a mul- T fr bits will be divided amongst the sub-channels, each 

ticarrier waveform; sub-channel carrying b t - bits. 

FIG. 5 shows a basic DMT modulator; u TJ« b ^bits fbi -each of the N sub-channels are translated 

, L 4 t c r\ik jit* j , t by the DMT encoder into a complex sub-symbol S,-, for each 

FIG. 6 shows an output spectrum from a DMT modulator; ^ £ach subchannc l has 2* possible QAM symbol 

FIG. 7 shows the decomposition of a multi-channel sig- slates ^ 2 N s point IFFT unit combines the Ns subsym- 

na ^ bols into a set of N real-valued time domain samples, X M , t; 

FIG. 8 shows a prior art DMT demodulator; w here n«l . . . N, and t represents the sample time. These N 

FIG. 9 is a block diagram of a processor in accordance samples are successively applied (in serial format) to a 

with an embodiment of the invention; and 65 digital-to-analogue converter, DAC, which samples at a rate 

FIG. 10 shows a preferred form of processor for use in a N/T— which is the sampling rate of the DMT modulator— to 

digital subscriber line system. create a symbol for the DMT modulator. The output of the 
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DAC is a continuous- lime modulated signal x(t) which is a The weight is preferably a complex weight which scales 

succession of DMT symbols each formed from N time and shifts the phase of the local field signal. It may also be 

domain samples. The output spectrum of the DMT modu- advantageous to incorporate a variable delay into the 

lator of FIG. 5 is shown in FIG. 6. The sub-channels are weighting element. 

centred on F,-_ jVr 5 Suitable weighting elements are known in the art. One 

As N, increases, the continuous transfer function of the particular of weighting element comprises a pair of 

transmission medium can be approximated as a discrete cascadc arrangcmcnts of a locai osc illator and a variable 

curve-see FIG. 7. Each of the rectangles is a band of atteQuat the loC al oscillators being offset in quadrature. An 

frequencies IfT Hz ^ e ™*^ input to the weight is fed to each local oscillator and an 
corresponds to the DMT sub-channel centre frequencies. 1fl \ t c 4 . & . , 4 . t . e . „ t , 
When Ns is large the noise can be shown to be independent 10 0Ut P ut the wei ^ 15 taken ^ ea ' h atte ° uator and 
even if the noisl spectrum is not flat. FIG. 8 shows a type of summed - 0tber weighting elements may be used. 
DMT demodulator, which comprises an input low pass filter The local field signal is preferably a common-mode signal 
(LPF), Automatic gain control means (AGC), an analogue- derived from the same transmission line as the differential- 
to-digital converter (ADC), a serial formatting unit (SF), a mode signal. Alternatively it could be taken from another 
fast Fourier transform unit (FFT), and an output bit stream 15 source such as an antenna, another cable, or a pipe acting as 
buffer. In the presence of a narrow band interferer, the data an antenna. 

rate of the DMT system can be severely reduced and could FIG. 10 shows a preferred form of processor in more 
degrade to an unacceptable level. detai]j coupled to a digital subscriber line system. In this 
FIG. 9 schematically shows a processor suitable for use m arrangement the processor would be called a demodulator. A 
the system shown in FIG. 3. A differential-mode signal from 20 ^ transmission hnCj such ^ a twisted pair subscribcr loop> 
a transmission line is received at a first inputSO, and a local faas wires 10Q> 1Q1 A differemial signal diff(t) and a 
field signal is received at a second input 81. The wanted data common . modc signal cm(t) arc derivcd from this transmis . 
signal is transmitted in oWerential-mode but may also sionUneandappUedtothedemodulatorinpuls .Suinmerl02 
contain some unwanted radio frequency inte reference. The ,. • . t - c *u j i 
local field signal received at input 81 will mainly comprise 25 ' ^ t°i f ~ t ^ m ° 6c Slgnal 
interference A summer 83 combines the differential-mode cm « Wlth the differential-mode signal diff(t). 
signal with a portion of the local field signal. That portion is The differential-mode and common-mode signals are 
determined by a weight 90 which joins the differential -mode separately processed in a similar manner. Firstly, an 
and local field lines. The weight receives a weight control analogue -to-digital converter A/D 103, 106 forms a digital 
signal 89 from a processor 88, The weight is preferably a 30 representation of the incoming signal. A signal processor 
complex weight which scales and shifts the local field signal 104, 107 then extracts data from the digitised signal. For a 
in phase such that it combines with the differential-mode DMT system, the signal processor applies a Fast Fourier 
signal at summer 83 to minimise or cancel interference. Transform (FFT) to derive a set of in-phase (I) and quadra- 
Signal processors 84 and 86 separately process the ™re (Q) outputs. Knowing the I and Q signal components 
differential-mode and local field signals to produce respec- 35 aUows tbe am P litude and P hase of tne signals to be readily 
tive processed outputs 85 and 87. A further processor 88 calculated. That is, amplitude«V(I 2 +Q 2 ), and phase-tan' 1 
compares characteristics of the processed outputs 85, 87 to (Q/I)* Processor 109 receives amplitude and phase informa- 
derive a weight control signal 89 for controlling weight 90. "on from outputs 105 and 108. By taking a ratio of the 
The characteristics which are compared are preferably amplitudes of the interference as seen at 105 (common- 
amplitude and phase of the processed signals. A preferred 40 mode ) and 108 (wanted signal plus interference) and corn- 
form of comparison is a correlation technique. If correlation P a "ng the phase of those same signals, an accurate deter- 
between the interference in the local field signal output 87 mination of a weight W needed to cancel the interference can 
and at the wanted differential-mode signal output 85 is be made. A weight control signal 110 is issued by processor 
effected after narrow-band filtering to remove noise-like 109 to control weight 111. Best results are achieved when 
components, a deep cancellation null will result. The benefit 45 processor 109 uses a correlation process to compare the 
of calculating a required weight from decoded outputs 85,87 amplitude and phase of signals 105, 108. Correlation allows 
rather than by using a perturbation technique is that com- interference to be cancelled to a level below that of the 
plete or near complete cancellation can be effected after a wanted signal. 

single iteration. Further iterations may be performed to Thus, the apparatus reduces the effect of narrow band 
increase the depth of a cancellation null, such as where 50 interference by reducing the amount of power entering the 
cancellation of interference is required to a level below that demodulation apparatus by analogue cancellation prior to 
of the wanted signal. As an example, a first iteration may processing in the ADC. The digital subscriber service is 
reduce differential-mode interference by 20-30 dB, and a provided differentially on the phone line, but the interference 
second iteration by a further 20-30 dB. is coupled differentially onto the phone line by common 
A first iteration of the technique comprises the following 55 mode to differential-mode coupling. In, for example, tele- 
steps. Initially it is preferable to set the weight to zero, such phone networks, in order to perform analogue cancellation 
that none of the local field signal is combined with the of interferes from the differential signal, the common mode 
differential-mode signal. Each signal is processed separately, signal from the cable can be used as the local field signal and 
the processed signals are compared and a weight control will be adjusted in amplitude and phase by a single complex 
signal is derived. Weight 90 is then set to the value indicated 60 weight and combined with the differential signal in anti- 
by the control signal, thereby coupling a part of the local phase to form a resultant interference signal of reduced 
field signal to summer 83 where it is combined with the amplitude. This process allows the interference to be 
differential mode signal to minimise interference in the reduced significantly and the wanted signal to remain, 
wanted (differential -mode) signal. In subsequent iterations virtually unaffected, 

of the technique the improved differential mode signal, 65 To effectively cancel interference the interferer should be 

which now has a significant amount of the interference detected in quite a narrow bandwidth so that the interference 

cancelled, is compared with the local field signal. is seen quite clearly above any noise or other signal. This 
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would usually require extra filtering to exclude other signals 
and noise that would interfere with the required signal. One 
of the advantages of using a FFT as a signal processor is that 
narrow band filters are already provided in the configuration, 
and the output of the FFT decoder provides an accurate 5 
indication of the interferer. 

This type of demodulator is particularly suited to this 
method of interference cancellation since most of the detec- 
tion and filtering is performed by the architecture for the 
demodulator, 30 

It is to be noted that the particular embodiment is 
described with reference to a twisted pair transmission line. 
Data could reach the demodulator by other forms of trans- 
mission line. 

What is claimed is: 35 

1. A digital data system processor having a first input to 
receive a differential signal and a second input to receive a 
local field signal, the processor being arranged to: 

separately process the differential and local field signals; 2Q 
compare characteristics of the processed differential and 

local field signals to derive a weight control signal; 
set a weight according to the weight control signal; 
sum a weighted portion of the local field signal with the 

differential signal whereby to minimise or cancel inter- 2 5 

ference in the differential signal. 

2. A digital data system processor comprising: 
a first input to receive a differential signal; 

a second input to receive a local field signal; 3Q 

a summer coupled to the first input; 

a first signal processor coupled to an output of the summer 
for processing the differential signal; 

a second signal processor coupled to the second input for 
processing the local field signal; 35 

a comparison processor coupled to outputs of the first and 
second signal processors arranged to compare charac- 
teristics of the processed signals and to derive a weight 
control signal; and ^ 

a weight coupled between the second input and the 
summer and being responsive to the weight control 
signal, 

whereby a weighted portion of the local field signal is 
summed with the differential signal to minimise or cancel 45 
interference in the differential signal. 

3. A digital data system processor according to claim 2 
wherein the differential and local field signals are derived 
from a common transmission line, the local field signal 
being a common-mode signal from the fine. 5Q 

4. A digital data system processor according to claim 2 
wherein the comparison processor compares amplitudes of 
the processed local field and differential signals. 



8 

5. A digital data system processor according to claim 2 
wherein the comparison processor compares the phase of the 
processed local field and differential signals. 

6. A digital data system processor according to claim 2 
wherein the comparison processor is a correlator which 
correlates characteristics of the local field and differential 
signals. 

7. A digital data system processor according to claim 2 
wherein the signal processors comprise a cascade arrange- 
ment of an analogue-to -digital converter, and a Fast Fourier 
Transform decoder. 

8. A digital data system processor according to claim 2 
wherein the weight is a complex weight which scales the 
local field signal in amplitude and phase. 

9. A telecommunications system including a processor 
according to claim 1 wherein a subscriber loop carries a 
wanted signal to the processor at a subscriber's premises by 
differential-mode, and wherein radio frequency interference 
(RFI) induced in the common-mode of the loop is used to 
minimise RFI appearing in the differential-mode. 

10. A method of reducing the effect of interference in a 
digital data processor which receives a differential signal at 
a first input and a local field signal at a second input, the 
method comprising: 

separately processing the differential and local field sig- 
nals; 

comparing characteristics of the processed differential 
and local field signals to derive a weight control signal; 

setting a weight according to the weight control signal; 

summing a weighted portion of the local field signal with 
the differential signal whereby to minimise or cancel 
interference in the differential signal. 

11. A method according to claim 10 wherein the charac- 
teristics which are compared include amplitudes of the 
processed local field and differential signals. 

12. A method according to claim 10 wherein phase of the 
demodulated local field and differential signals is compared. 

13. A method according to claim 10 wherein the charac- 
teristics of the local field and differential signals are corre- 
lated. 

14. A method according to claim 10 wherein the weighted 
portion of the local field signal is a complex weighted 
portion which is scaled and phase-shifted. 

15. A method according to claim 10 wherein a plurality of 
iterations are performed, each iteration comprising the steps 
of comparing characteristics of the processed differential 
and local field signals to derive a weight control signal, 
setting a weight according to the weight control signal, and 
summing a weighted portion of the local field signal with the 
differential signal at the first input whereby to establish a 
weight which minimises or cancels interference in the 
differential signal. 

***** 
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